Abstract. Aviary experiments demonstrated that three North American fmgivorous migrant bird species often exhibit color preferences, when factors such as taste, nutrition, and accessibility to food sources are equal. Individual birds differed in initial color preferences, transitivity, and temporal stability of color preferences. There was little tendency of these birds to favor red and black, which are the most common colors of fruits of bird-dispersed plants, and a weak tendency to reject yellow. We suggest that avian color preferences may not provide strong selection favoring the evolution of the common fruit colors, and that the frequency distribution of fruit hues is best explained in other ways.
INTRODUCTION
An explanation of the frequency distribution of fruit colors must account for the predominance of red and black, the lesser occurrence of blue and white, and the rarity of yellow, green, and brown. A number of hypotheses have been Initial color preferences. Experiments consisted of paired choices of maintenance diet (prepared in 4-mm cubes) treated with commercial food coloring. Colors used were red, blue, yellow, and "black." An approximate indication of the colors achieved is given by comparison to Smithe' s (1975) color standards: red #l 10, blue #68, yellow #18, and black #89. These colors were not intended to mimic those of any particular wild fruits, but they fall within the natural range of fruit colors (to our eyes). Black was produced by a mixture of roughly equal parts of red and blue, producing an extremely dark purple; many naturally black fruits also are, in fact, very dark purple, red, or blue. All of these colors are rendered as perceived by human eyes; we do not know what the birds actually see. Under the initial hypothesis, the expected outcome would be a preference for red and black, followed by blue, and then yellow.
Because we were interested in whether color preferences are transitive (e.g., if red > black, and black > blue, then red > blue, see Moermond and Denslow 1983) we used a pairwise design, in which the direction of preference for each pair of colors was determined independently, rather than a four-way "cafeteria" design. The order of the pairwise comparisons was determined from a random-number table, with the constraint that alternating pairwise comparisons on the same day used all four colors (e.g., red vs. blue, alternating with black vs. yellow). The first comparison alternated with the second, until a predetermined number of replicates (see below) was complete. Likewise, the third comparison alternated with the fourth, and the fifth alternated with the sixth.
Because catbirds reacted quite differently in the aviaries from both thrush species, we used slightly different experimental protocols for the different species. Catbirds adjusted quickly to the aviaries and readily foraged in our presence. In a given foraging trial, two cubes (of two colors) were placed in each of four separate petri dishes (30 mm diameter) arrayed along a wooden perch. Each bird was allowed to feed from this display until four of the eight cubes had been eaten (usually < 15 min). For each catbird, there were four replicates of each trial; we did not attempt to analyze any possible patterns of variation among replicates. Because equal numbers of cubes of each color in each comparison were available, we defined no color preference as no statistical difference (determined with the binomial exact test) in the number of cubes of each color taken. Most experiments were conducted between 07:OO and 14:O0.
In contrast to the catbirds, neither thrush species would eat in our presence. For these species, therefore, we weighed out a known quantity of dietary cubes in 1 O-cm petri dishes (each color in a separate dish), which were placed in the middle of the aviary floors. Placement of dishes with different colors of food was alternated to avoid positional bias. We then allowed the birds to feed until roughly half of the total food was eaten (usually <2 hr) and weighed the remainder. The difference was the amount eaten (a small weight loss, <5%, due to evaporation did not affect the analysis). Experiments were conducted between 07:OO and 17:OO. There were three replicates ofeach pairwise comparison, and the data were analyzed by two-way (bird, color) ANOVA (see Sokal and Rohlf 198 1, p. 344-348) and t-tests. The t-tests were done separately for each bird and each pairwise color combination (see Appendix 2). Although there was a directional prediction for most pairs of colors (e.g., red > blue), we used a conservative two-tailed test to establish whether there was a significant difference in the amount eaten. The observed direction of color preference was then determined by inspection. This procedure allowed the identification of preferences that were opposite in direction to the prediction.
Stability of color preferences. Because most individual birds of all three species exhibited marked preferences for certain colors, we also examined the temporal stability of these preferences. We attempted to extinguish individual preferences for a certain color by keeping each bird on a maintenance diet of a nonprefetred color. During continuous exposure to the nonpreferred color, the birds might learn that certain characteristics of both colors (e.g., flavor, texture) were identical, and thus decrease their degree of discrimination between the two colors. Here the question concerned the rate at which the birds learned to associate the initially nonpreferred color with food of equal value to that of the preferred color.
Catbirds and Hermit Thrushes were used as subjects. An initial paired choice was conducted as described above for the thrush experiments at the beginning of each day. Subsequently, each bird was given only the maintenance diet treated with the nonpreferred color (often supplemented with various real fruits, mealworms, and waxworms) until the next trial. This procedure was repeated for 6 days. Red and yellow were used in these experiments, because most birds showed strong preferences for one of these colors. Instability was indicated by a change in color preference.
Effect of background. For certain pairwise comparisons, we examined the effect of background on color choice by catbirds, because of the possibility that color preferences might differ with the background against which the color is displayed. Many fruits are naturally displayed against a background of green foliage on the parent plant. We placed each pair of dietary cubes on a spray of green artificial foliage attached to the perch. A bird on the perch could reach any of the pairs of cubes with two or three hops. Results of these trials were compared with those described earlier, in which the cubes were presented in petri dishes. Trials that used different backgrounds were alternated until four replicates were completed. A significant shift of preference was indicated by direct comparison of the preferences exhibited on the two different backgrounds, using x2 (P < 0.05).
RESULTS

INITIAL
COLOR PREFERENCES
Catbirds. The evidence of a general preference for red and black is not strong ( (Table 1) . Although none of the catbirds discriminated between red and black, red was favored over blue and yellow more often than black: Four of 11 birds preferred red to blue, and nine of 12 birds preferred red to yellow, but only three of 11 birds preferred black to yellow (but see Appendix l), and no birds preferred black to blue. However, yellow was rejected more often than the other colors (13 of 28 trials vs. 4 of 28 for blue, 1 of 34 for red, 4 of 34 for black; all x2 > 3.84, P < 0.05). Also recall that most birds rejected yellow when paired with red. Thus, the results suggest some tendency to reject yellow, but little tendency to discriminate among the other colors.
It may be argued that, if many birds have a weak, statistically insignificant, preference for a color, the collective effect nevertheless could be biologically significant. This possibility was assessed in two ways. (1) For each pairwise comparison, data for all birds were pooled and a single x2 performed on the totals. Red was preferred over all other colors except black, black TABLE 1. Summary of color preferences of Gray Catbirds (details in Appendix 1). Statistical significance as follows: * = P < 0.05, (*) = 0.05 < P c 0.10. Entries in the table are the number of birds that made the indicated choice. For each pair of colors, the first one is labelled 1, the second, 2, and these numerical labels are used in the left-hand column (for example, the data for 1 > 2 indicate that no birds preferred black to blue, two birds preferred black to yellow, three birds preferred red to blue, etc. For all birds that showed some tendency to prefer one color (i.e., outcome not equal for both colors), the frequency of preference for one color of each pair was totalled and tested by a sign test. Eight of 11 birds tended to favor red over blue (not a significant difference), but all 11 birds showing a tendency to favor one color over another favored red over yellow (P < 0.01). Only two of 10 birds tended to prefer black to blue and six of 10 birds tended to prefer black to yellow. In neither case is the observed frequency of tendency significantly different from a null hypothesis of equal tendency to favor each color. The data are perhaps characterized as much by their variation as by their congruence. x2 tests of heterogeneity showed that birds of the first cohort differed significantly with respect to choices between red and blue, and between black and yellow. Birds of the second cohort differed significantly with respect to blue vs. yellow, black vs. yellow, and, marginally, red vs. blue, and black vs. blue. Although a preference for red over yellow was common, one bird (5) showed no sign at all of such a preference (Appendix 1). Bird 5 was also unusual in showing a strong preference for yellow over black, and blue over red.
Intransitivity of color preferences occurred for nine of the 12 catbirds, in at least some of the, color choices. Birds 6 and 12 made transitive choices, insofar as any preferences were exhibited, and the data for Bird 7 were too incomplete to assess transitivity.
Thrushes. Both species of thrush exhibited some color preferences in the majority of trials (in contrast to catbirds). However, red and black were preferred over the other colors about as often as the other colors were preferred to red and black (Table 2 ). In six of 14 trials involving red or black vs. the other colors, Swainson' s Thrushes preferred red or black (and in six trials they preferred the other colors), and in 11 of 24 trials, Hermit Thrushes preferred red and black (and in eight they preferred the other colors). Blue was only sometimes preferred to yellow (three of four Swainson' s Thrushes, one of six Hermit Thrushes).
Swainson' s Thrushes had a marginally significant tendency to reject yellow more often than two of the other colors (seven of 11 trials vs. three of 12 for blue and red; x2 = 3.4, 0.05 < P < 0.10). Hermit Thrushes, however, rejected yellow, black, and blue about equally (six to eight If we pool the data for all conspecific thrushes, we encounter not only the potential for pseudoreplication but also unequal weightings for each bird, reflecting the different total amounts eaten. Ignoring such difficulties for the moment, no clear preferences for red and black emerge. Swainson' s Thrushes collectively ate more red than other colors, but black was equivalent to blue and somewhat less than yellow. Hermit Thrushes collectively ate more yellow than red and more blue than black. (The sample for both species of thrush is too small to allow much information to be extracted from a sign test like that done for the catbird data.) Thus, for thrushes as well as for catbirds, the hypothesis of a general preference for red/black hues is not well supported.
All interactions between bird and color combination were significant (ANOVA, P < 0.05) for both species of thrush, again emphasizing the prevalence of individual variation in color preferences. Two Swainson' s Thrushes and two Hermit Thrushes made transitive choices and one Swainson' s Thrush and four Hermit Thrushes exhibited some intransitivity (one Swainson' s Thrush had incomplete data).
STABILITY OF COLOR PREFERENCES
Both catbirds and Hermit Thrushes varied markedly in the stability of their color preferences (Table 3) . Two catbirds maintained a consistent preference for red. Bird 11 wavered in its preferences for red only on the last day. One catbird (Bird 9) switched briefly to yellow and then back to red for the duration of the trials. Bird 12 initially preferred red, vacillated for a couple of days, and returned to a preference for red.
Hermit Thrushes were somewhat more variable than the catbirds. The preference of Bird 2 for red was not extinguished during the course of the 6-day trial. Bird 6 showed a relaxation of red-preference only on the 6th day. Bird 5 switched from red to yellow on the 2nd day and subsequently maintained a preference for yellow. Both Bird 3 and especially Bird 4 switched preferences more than once during the 6-day trials.
EFFECT OF BACKGROUND
Background had little influence on color preferences of catbirds (Table 4) , at least for the color combinations used in these experiments. In only three paired comparisons was there a significant preference, and the background on which the preference was exhibited differed among birds. Two birds showed a significant shift of preference, but in both cases the shift was from an insignificant tendency to choose one color (red or black) to a significant preference for the same color.
DISCUSSION
These frugivorous birds often exhibited marked food-color preferences, when other factors were held constant, and these preferences appeared to be largely independent of the background (see also Pank 1976 ). All three species of frugivores exhibited considerable individual variation in Individually caged robins given a three-way choice between red sour cherries (14% sugar, lower pH) and black (14%) and yellow (18%) sweet cherries exhibited much variation among birds (Brown 1974): some preferred black to red, while others favored red. All birds initially rejected yellow cherries, and most eventually accepted them (after 2-6 days), in some cases even favoring them. The robins differed markedly in how fast the yellow cherries were accepted. Small, captive flocks of starlings often preferred black or red cherries initially, but some flocks quickly (~2 hr) accepted yellow cherries (Brown 1974, Stevens and DeBont 1980). McPherson (1988) showed that two captive flocks (tested separately but data pooled) of Cedar Waxwings (Bombycilla cedrorum) collectively ate more red than yellow dietary mash and ate little blue or green. A second trial (about 1 week later) was done with the same two flocks but with greater access to food for all flock members; in this case the birds collectively favored red and blue and, to a somewhat lesser extent, yellow, and again ate relatively little green. This study was not designed to examine individual preferences, and the most notable results are that the favored colors shifted somewhat between trials (although red was included in the top rank) but that green was consistently rejected.
Many of the field observations of "color preferences" reported above could be confounded by other variables, such as crop size, nutritional value, palatability, and ripening times. Nevertheless, they indicate that foraging choices can be variable with respect to fruit color. The experiments with captive birds document both the variability of color choices and the ability to learn to eat food that is initially not favored. In addition, flower-foraging birds readily learn to visit flowers of many colors (references in Willson and Whelan, in press). Although foraging experience no doubt influences food-color choices, the natural experience of fiugivores with the common red and black native fruits does not seem to produce an overwhelming preference for fruit of these colors. Even if young birds have any innate preference for these colors, by the time they are fully grown they often seem to have acquired preferences for colors other than red or black.
A remaining possibility is that experiments using some other shades of red, blue, and yellow in artificial fruits might yield different results, especially if a certain shade matched that of some particularly favored natural fruit. However, the extensive variation among individuals in preferences for natural fruits observed in both aviary and field (pers. observ.) suggests that the use of other shades of artificial fruits would also produce results demonstrating variable preferences.
Variation among individuals in many aspects of foraging has been reported (e.g., Ficken and Kare 1961 , Joem 1988 , Ritchie 1988 , Rowleyet al. 1989 , other references below), so that variation in color preferences may not be surprising. Individual variation in avian color preferences in other contexts is known (e.g., Kear 1966) as is variation in strengths of preference for different 
IMPLICATIONS FOR THE EVOLUTION OF FRUIT COLORS
The apparent lack of strong and consistent fruitcolor preferences may contribute to the existing range of fruit colors, but color preferences seem unlikely to be a strong factor maintaining the observed frequencies of fruit colors in the wild. If the earliest frugivores, back in Paleozoic and Mesozoic times, had color preferences as variable and labile as those of today seem to be, even the beginning of predominance of red and black as fruit colors is difficult to attribute to color preferences of fiugivores. If the tendency to reject yellow and green (McPherson 1988) receives reinforcement from additional studies of other species, it could help account for the rarity of yellow and green bird-fruits.
It remains possible that fruit-color preferences are contingent upon a variety of associated traits and conditions (e.g., red could be preferred for certain fruit shapes or sizes, or in certain habitats, or by certain birds), such that they are specific to particular circumstances. Such contingency of color responses is known in insects, depending on activity (e.g., courtship vs. feeding, Swihart and Gordon 197 1) or shape and size of the object (e.g., Hill and Hooper 1984; which may then be related to activity, Prokopy 1968) although intensity, contrast, and learning may also be important (Prokopy 1968 , Prokopy et al. 1982 ). Contingency of color responses no doubt occurs in vertebrates as well-a relevant instance concerns the fact that red and black can be warning colors for arthropods that are avian prey, but they may be advertising colors in some positive sense for fruits.
An alternative hypothesis is that fruit colors are a form of long-distance advertisement for avian seed-dispersers (e.g., Kemer 1895, Ridley 1930). This hypothesis has not been tested directly, so far as we can determine, and circumstantial evidence provided mixed support (Willson 
